The mathematical 
Introduction
Wireless sensor networks have been widely applied. They have ability to transform our lives, and pose many new challenges. Coverage control is one of the basic problems in wireless sensor networks [1] . Due to technical limitations, each sensor node can detect events that are within certain range from it. A piece of area in the deployment region is said to be covered if every point in this area is within the sensory range of some sensor. Current research to sensor network coverage is in three major species, namely, regional coverage, point coverage and barrier coverage [2] . In this paper, we are concerned with how can we get the minimum number of nodes with the proportion of the sensing range of nodes to the range of the deployment area independent of geographic information. The area that can be covered by at least k out of n sensors randomly placed in a bounded region is referred to as k-coverage [3] and the problem of evaluating multi-coverage is a form of so-called multi-coverage problem.
The rest of the paper is organized as follows. The most directly related work is reviewed in Section 2. Problem definition and discussions on multi-coverage mathematical model are in Section 3. Simulation result and analyses are in Section 4. Finally we make aconclusion in Section 5.
Related work
The high-density of sensor nodes deployed in detected region could lead to high energy costs. In guaranteed certain coverage fraction at the same time, the strategy of making part of nodes into low-power sleep state is commonly used currently. Achieving coverage as well as connectivity in wireless sensor networks also attracted wide attention from researchers. In [4] , Molina et al. studied the optimized cellular coverage in automatic location of base-stations in wireless sensor networks. Liu B. et al. [5] gives the relationship between the size of monitor region, node density and coverage fraction; Gao Y. et al. [6] discussed how many working sensor nodes to be needed for completely coverage in sensory region, but they analyzed how many nodes needed only in the situation that in one placed sensor node area. In this paper, we propose a mathematical model independent of geographic information, with which only if the proportion of the sensing range of nodes to the range of detected area is known, the number of nodes in order to reach a certain coverage fraction can be calculated. Our research is based on boolean sensing model，which means each sensor node can detect only events that are within certain range of it. We do not care about the shape of detected area; it can be a circular or a square, which in this paper is a circular. Let r denote the sensing range of each node, and l denote the radio range. It has been proved that if the radio range is at least twice the sensing range, complete coverage of a convex area implies connectivity among the working set of nodes [2] .Assuming that n sensor nodes are randomly distributed over radius R region. Set of
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A denote the size of area that is covered by the i th placed sensor node， A denote the size of the whole detected region D ，thus S .
The probability of any node distributed in sub-region '
A is the size of the region that is covered by ' S . Thus we
for coverage quality of service. The proportion of the number of working nodes ' S , to the total number of nodes S , is the sub-object function of the number of working nodes.
Thus, the overall object function is
w are the weights of sub-object function.
Analyses for coverage model
As depicted in Fig. 1 , ignore the border effects, for all
, the neighbor of it definite as follows: 
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As sensor nodes are uniformly distributed, i G is expected to be the proportion of the uncovered area to the whole deployment area.
[ is the probability of link occurrence p, 
According to (4), we can obtain the result to k-coverage problem. For all
, and 
, have the same sensing range, and are complete coverage of detected area D ，let i A denote the size of area that is covered by the i th placed sensor node， minimum number of working nodes is equivalent of minimum the size of overlap region.
，the size of area that is covered by the i th node i A ，the degree of overlapping coverage to any point x in region D can be measured as follows:
In a similar way，the degree of overlapping in whole detected region is as follows:
By Lemma 1, by reducing the overlapping area to reduce the number of working nodes, the lifetime of wireless sensor networks can be prolonged. 
Proof. The size of sensing area of each node is 2 r  . For single coverage，ignoring the border effects, the probability of each point
covered by at least one node is equal to the probability of at least one node distributed in its neighbor. The probability of one node sensing the whole detected area is as follows:
Thus, the probability of two nodes sensing the whole detected area is
And so on, the probability of three nodes sensing the whole detected area is
It can be drawn through the mathematical induction that the probability of n nodes sensing the whole detected area is
Therefore, in order to ensure the probability P to sensing whole area of size A , let r denote the sensing range of each node, the number n of sensor nodes randomly distributed is as follows:
Taking into account that some of the nodes may be distributed on the border of detected region，the probability of single coverage is less than p ，
By Lemma 2，if the proportion of the sensing range of nodes to the range of de deployment area is known, the number of nodes needed to placed to achieve the multi-coverage fraction can be estimated that achieved the coverage and connectivity requirement.
Simulation results
We conducted some experiments with C language to demonstrate the accuracy of our theoretical findings. The difference between analytical results and the simulation results are shown in Fig.2 and Fig.3 , if the coverage fraction reaches 90%, at least 13 working nodes should be selected from the random deployment of the nodes, comparing with the analytical results that the average error is no more than 3%. While in triplex-coverage, at least 37 working nodes should be needed to reach coverage fraction by 90%, comparing with the analytical results, the average error is no more than 6%. By Figure 3 , it can be seen that, for single coverage, 2 . 0 /  R r , if the coverage fraction reaches 90%, at least 263 working nodes should be selected from random deployment of work nodes, comparing with the analytical results the average error is no more than 4%. While in triplex-coverage, at least 586 working nodes are needed to reach coverage fraction by 90%, comparing with the analytical results, the average error is 6%. The results show that, the number of working nodes needed to reach a certain coverage fraction is not a linear increase from single coverage to multi-coverage.
Conclusions
In this paper, the issue of coverage problem in random deployment circumstance has been studied. We proposed a mathematical model knowing the proportion of the sensing range of nodes to the range of the deployment area independent of geographic information. According to the mathematical model, the minimum number of nodes can be calculated to reach a certain coverage fraction. Compared with the analytical results, there exists little error, but the mathematical model can be applied to any application which error margin is less than 6%. The model can also be widely used in the field of deployment and topology control in wireless sensor networks.
